Abstract
Introduction

25
The occurrence and significance of earthquakes in the mantle lithosphere 26 of stable continental regions has been a subject of much debate (e.g. Chen 27 and Molnar, 1983; Wong and Chapman, 1990; Zhu and Helmberger, 1996; employed here to study the mainshock, we use similarity in S -P arrival times 106 and in apparent vector slowness across a regional array, to suggest that its 107 depth is similar to that of the mainshock. 
Regional waveform inversion
To determine a source mechanism, and for an initial estimate of the source 140 depth, we employ a time-domain regional waveform inversion routine (based 141 on that of Herrmann, 2013). We select available data from broadband and 142 high-gain seismometers within 600 km of the NEIC earthquake epicentre. in our regional velocity model.
148
Greens functions are calculated by wavenumber integration for the ve- source, and filtered for the same frequency range used for the observed data.
154
We also assume that the source mechanism can be appropriately represented
155
by a double-couple, and calculate the relative amplitudes of the synthetic 156 seismograms appropriately.
157
Alignment between observed and synthetic waveforms is based on the first 
164
The fit in for each set of synthetic seismograms is determined using the
where u ij and s ij are the jth sample of ith observed and synthetic wave-
167
are the strike, dip, rake, and source depth.
169
A best-fit solution is determined for each depth increment through a 170 grid search over a parameter range encompassing the full range of possible 171 mechanism parameters in 5
• increments for strike, dip and rake. Seismic 172 moment is calculated based on the best-fit amplitude scaling for the synthetic 173 seismograms. Best-fit mechanisms are determined for the depth range 1 -174 150 km, in 1 km increments. Figure 2 shows the results of this inversion.
175
A clear minimum is seen in the misfit with depth at 78 km, with the 176 source parameters θ = 060 TKL, D52A), in many cases, it is followed by a complex series of arrivals over 
266
In each case, data from across the array are beamformed using the ex- beam, time-averaged over a boxcar window, such that:
where N denotes the number of traces used, u i (t) denotes the amplitude In studies of small to moderate size earthquakes, the relative amplitude 329 method (Pearce, 1977 (Pearce, , 1980 ) is often used to find orientations of the double- phases, the focal mechanism is deemed compatible.
340
We take eight vertical component seismograms from teleseismic stations 341 with clear phase arrivals distributed around the focal sphere (discarding sev-342 eral where multiple observations from similar locations are available -e.g.,
343
Alaska). Table S2 gives the polarities and range of amplitudes assigned to 344 direct P and the depth phase pP for the Wind River earthquake. The polar- calculate the take-off angles of P and S using the wavespeed model in Table   360 S1. As the data are relative amplitudes, the absolute scalar moment cannot 361 be determined with this method. To improve the constraint a set of observations places on the focal mecha- 1987; Heyburn and Fox, 2010).
387
Figure 6(a) showed that there are many focal mechanisms which are com-388 patible with the observed polarities and amplitudes of the phases P and pP.
389
The teleseismic body waves on their own do not therefore adequately con-390 strain the focal mechanism. Figure 6( we search the full covariance matrices from our two independent mechanism 398 grid searches for focal mechanisms which are compatible with the observed 399 polarities and amplitudes of the phases P and pP and also have a misfit 400 within 10% of the minimum misfit found in the regional inversion. Accept- Table S2 , and which have misfits in the regional inversion within 10% of 
Waveform synthetics
430
To evaluate our best-fit focal mechanism, synthetic teleseismic P wave seis- short-period vertical component P waveforms calculated using the combined 436 model source parameters and the source region structure in Table S1 . As pP 437 and particularly sP are particularly sensitive to the above-source structure, 
451
The fit of the synthetic seismograms to the observed is mostly good.
452
At SMRT, LPAZ, PTGA, and ESDC, the low amplitude P and large pP 
539
In addition, such magma-related seismicity is typically of limited maximum relatively low surface heatflow (Mareschal and Jaupart, 2013 ) show the radiation patterns for pP and sP arrivals respectively, based on the focal mechanism determined from the joint regional and teleseismic amplitude inversion (shown by the green focal mechanism). Blue circles indicate the location of the stations corresponding to the remaining panels of the figure, identified by station ID. Red circles indicate those seismograms included on Figure S2 . The remaining panels show broadband seismograms (bandpassed using a 4-pole Butterworth filter for the frequency range indicated). Grey, blue, and green bars indicate the predicted arrival times for P, pP, and sP phases respectively, calculated for a source depth of 75 km. If the station lies at an epicentral distance where triplications are predicted, the first-arrival triplication is taken for each phase.
Figure 4: Broadband teleseismic records. The top two panels show the radiation patterns for pP and sP arrivals based on the focal mechanism determined from the joint regional and teleseismic amplitude inversion (shown by the green focal mechanism). Red circles show the location of single-station broadband seismometers shown on this figure. Blue circles show the location of multi-instrument arrays used in Figure 5 . Lower panels shown broadband seismograms (bandpassed using a 4-pole Butterworth filter for the frequency range indicated). Grey, blue, and green bars indicate the predicted arrival times for P, pP, and sP phases respectively, calculated for a source depth of 75 km. Table S2 . The lower-hemisphere stereographic projection shows the focal mechanism with the lowest calculated misfit in the regional inversion which is consistent with the observed polarities and amplitude bounds (shaded quadrants show compressional polarity). The coordinate system used is that of (Pearce, 1977) . (b-d) Lower hemisphere stereographic projections showing: (b) Focal mechanisms which have a misfit within 10% of the minimum misfit in the regional inversion. (c) Focal mechanisms which have a misfit within 10% of the minimum misfit in the regional inversion and are compatible with the observed teleseismic body-wave polarities and amplitude bounds in Table  S2 . (d) Our preferred source orientation with stations used in the teleseismic body wave analysis marked on the projection. The positions of these stations are calculated using the take-off angles of P predicted by the IASPEI 1991 model (Kennett, 1991) for a source depth of 75 km. Relative delay times for P -wave arrivals at the short-period seismometers within the 13-instrument Pinedale array. Seismometer sampling rate is 0.05 seconds.
